To control the diameter size of the carbon nanofilaments (CNFs), SF6 was incorporated in the source gases (C 2 H 2 /H 2 ) during the initial deposition stage. The source gases and SF 6 were manipulated as the cyclic on/off modulation of C 2 H 2 /H 2 /SF 6 flow in a thermal chemical vapor deposition system. The characteristics of the CNFs formation on the substrate were investigated according to the different cyclic modulation processes and the substrate temperatures. By SF 6 + H 2 flow injection during the cycling etching interval time, the diameter size of CNFs was extremely decreased. The cause for the decrease in the diameter size of the individual CNFs by the cyclic on/off modulation process of C 2 H 2 /H 2 /SF 6 flow was discussed in association with the slightly enhanced etching ability by the incorporation of SF6.
Ⅰ. INTRODUCTION
The electrical properties of CNFs were known to be varied asmetallic, insulating, or semiconductor characteristics according to their diameter size [1, 2] .
Therefore the controlled diameters of CNFs would be essential to achieve the controlled electrical properties of CNFs. As one of the methods to achieve the controlled electrical properties of CNFs, the low temperature (lower than 600℃) growth technique has been noticed [3, 4] . At the low temperature condition, the surface migration of the metal catalysts wouldn't be much activated therefore the possibility for the agglomeration of the metal catalysts would be suppressed [5] . This suppression might prevent the wide range variation in the diameter size of the catalyst particles by the thermal migration. Because the diameter sizes of CNFs were known to be associated with the catalyst particle sizes [6, 7] , the size distribution of the diameters of CNFs at the low temperature would have a narrow range. In addition, the low temperature process might enlarge the application area of CNFs. For the manufacturing, it would be the cost effective method for the CNFs production.
Despite these advantages of the low temperature deposition for the CNFs, the mass production of the CNFs at the low temperature would be difficult to Journal (℃)  C2H2  H2  SF6   I  A, D, G  15  35  0  100  90  ---0  0  750℃ for  samples A,B,C  850℃ for  samples D,E,F  950℃ for  samples G,H,I   II  B, E, H  15  35  0  100  90  180/30  --2  7   III  C, F, I  15  35  35  100  90  180/30  -30/180  2  7   Table 1 . Experimental conditions for the deposition of CNFs on the substrates for samples A~I.
achieve. Therefore, for the CNFs production, the high temperature (higher than 600℃) deposition technique would be more noticed as a practical method. Up to date, various methods might be introduced, such as arc-discharge [8] , pyrolysis [9] , laser ablation [10] , plasma or thermal chemical vapor deposition methods [11, 12, 13] , and so forth. Recently, we have introduced an in-situ cyclic on/off modulation process of C2H2/H2 flow to enhance the formation yield of CNFs [14] . It can be simply achieved by turning a source gas flow rate in a reaction system on or off during the initial deposition stage.
In this work, in order to control the diameter size of CNFs at the high temperature deposition, we employed an in-situ cyclic on/off modulation method and incorporated SF 6 , as an additive component, in the source gases during the initial deposition stage.
During this incorporation, we also applied the gas composition cycling technique for C2H2, H2 and SF6.
According to the different reaction processes, different cyclic modulation processes of C2H2/H2 f and/or SF 6 flow were carried out. The variation of the as-grown CNFs characteristics, namely the formation density and the diameter size, was examined.
II. EXPERIMENTAL
The SiO2 substrates in this work were prepared by the thermal oxidation of the 2.0×2.0 cm 2 p-type Si Table 1 .
Detailed morphologies of CNFs-deposited substrates were investigated by using field emission scanning electron microscopy (FESEM).
III. RESULTS AND DISCUSSION
To elucidate the effect of SF6 incorporation and the cyclic modulation process on the diameter size for the CNFs, we made 9 samples which have the different reaction processes and the different substrate 
IV. CONCLUSIONS
The diameter size for the individual CNFs could be reduced by the cyclic on/off modulation process of C2H2/H2 flow. In addition, the SF6 incorporation in the cyclic process could promote the formation density of the well-developed CNFs. The cause for these results may be attributed to be due to the slightly increased etching ability by SF6 addition to H 2 gas concentration during the etching time in the cyclic modulation process.
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